Objective: High levels of insulin-like growth factor-I (IGF-I) are associated with an increased cancer risk and reduce risk of diabetes and coronary heart disease. We investigated associations of diet in childhood, in particular energy intake, with the IGF system in adulthood to determine if IGF-I -disease associations could be linked to early nutrition. Design: Retrospective cohort study. Setting: Sixteen survey centres in England and Scotland that originally participated in the Carnegie (Boyd Orr) Survey of Diet and Health in Pre-War Britain, 1937-1939. Subjects: Seven hundred and twenty-eight participants (679 with complete data) in the Boyd Orr cohort. Methods: Participants were originally surveyed between 1937 and 1939 (at median age 5.8 years; inter-quartile range: 2.9-9.6) and were followed up for 65 years. Dietary exposure in childhood was assessed from 7-day household food inventories. Outcomes are expressed as regression coefficients for the change in IGF per standard deviation increased childhood nutrient or food intake, as derived from levels of household consumption. Results: In fully-adjusted models, energy-rich family diets in childhood were not associated with IGF-I (regression coefficient: 0.9 ng/ml; 95% confidence interval (CI): À1.8, 3.7), IGF-II, IGF binding proteins (IGFBP)-2 or IGFBP-3 in adulthood. IGF-I was associated inversely with childhood family-diets high in milk (À2.5 ng/ml; À5.1, 0.1; P ¼ 0.05) and positively with vegetable-rich diets (3.5 ng/ml; 0.9, 6.1; P ¼ 0.009). IGF-I was not associated with family diets rich in protein, carbohydrates, fats, calcium, meat or fruit. IGF-II, IGFBP-2 and IGFBP-3 were not related to childhood family diet. Conclusions: This study suggests that energy-rich family diets in childhood do not program the IGF system in adulthood. As childhood diet was based on household consumption, however, measurement error may obscure individual-level diet-IGF associations. The associations of milk-and vegetable-rich family diets in childhood with IGF-I could be chance findings, but nevertheless are consistent with recent publications and warrant further investigation.
Introduction
There is a growing appreciation that exposures acting in early-life influence chronic disease risk. Associations of greater height -a marker of diet and health throughout the growing years -with higher cancer risk and reduced diabetes and coronary heart disease risk , suggest the long-term influence of childhood nutrition in the development of these diseases (Gunnell, 2002 ). An analysis of the Boyd Orr cohort has suggested that lower energy intake in childhood is associated with lower adult cancer risk (Frankel et al., 1998) , an observation that was first reported in the animal literature over 50 years ago (Ross and Bras, 1971) . Clarification of the mechanisms underlying these patterns may indicate disease prevention strategies that could be started early in life.
The nutritionally regulated insulin-like growth factors (IGF-I and IGF-II) play a key role in somatic growth regulation in early-life and in cell proliferation, metabolic regulation and apoptosis in many tissues throughout life (Thissen et al., 1994) . Their binding proteins (IGFBP-1 to 6) act as key determinants of IGF availability and action. IGF-I is associated positively with some cancers (Renehan et al., 2004) and inversely with diabetes (Sandhu et al., 2002) and coronary heart disease (Juul et al., 2002) . Notably, heightcancer associations are found for the same cancers that are related to IGF-I levels . As height acts as a marker for childhood levels of IGF-I, IGFs may underlie height -chronic disease associations (Davey Smith et al., 2000) . Nutrition plays an important role in regulating IGF-I (Thissen et al., 1994; Holmes et al., 2002b; Gunnell et al., 2003; Elias et al., 2004a; Hoppe et al., 2004b; Ben-Shlomo et al., 2005; Martin et al., 2005b; Rogers et al., 2005 Rogers et al., , 2006 , with high energy and animal protein diets increasing, and energy restriction decreasing, circulating levels. Recent studies showing inverse associations of milk (including one randomized trial of milk-supplemented diets (Ben-Shlomo et al., 2005) ) and energy intake in early-life with IGF-I levels several years later (Elias et al., 2004a; Ben-Shlomo et al., 2005; Martin et al., 2005b) , indicate the possibility that IGF-I levels in adulthood are 'programmed' by early nutrition (van Noord, 2004) . Such programming may mediate associations of childhood diet and height with cancer , diabetes and coronary heart disease (Davey Langenberg et al., 2005) .
We investigated the prospective relationship of diet measured in childhood with components of the IGF system (IGF-I, IGF-II, IGFBP-2 and IGFBP-3) in 63 to 82-year old participants in the Boyd Orr cohort Martin et al., 2005a) . Individual childhood nutritional intake was derived from grouped family data in the Boyd Orr dataset, and is therefore a proxy measure of individual diet. Nevertheless, a positive association between childhood energy intake (as assessed by family diet) and adult cancer was observed in the Boyd Orr cohort (Frankel et al., 1998) . Our a priori hypothesis was that the positive association of energy-rich family diet in childhood with cancer previously observed in Boyd Orr (Frankel et al., 1998) is mediated by circulating IGF-I levels in adulthood.
Methods
The study is an historical cohort based on the Carnegie (Boyd Orr) Survey of Diet and Health in Pre-War Britain, 1937 -1939 (Martin et al., 2005a . Altogether, 4999 children from 1343 families in 16 centres in England and Scotland participated in a 1-week survey of their diet and physical health when aged 0-19 years (mean ¼ 7 years; standard deviation (s.d.) ¼ 4 years). Four thousand three hundred and seventy nine (88%) participants have been traced and flagged using the National Health Service Central Register.
In 1997-1998 all 3182 traced surviving members were sent questionnaires, including a validated 113-item food frequency questionnaire (FFQ) (Bingham et al., 1997) . Of the 1648 responses, 1378 participants consented to further follow-up, of whom 1295 survivors were invited to participate in a follow-up study between 2002 and 2003 (Martin et al., 2005a; Bray et al., 2006) . 728/1295 (56%) subjects provided blood samples and completed a questionnaire (Bray et al., 2006) . Levels of IGF-I, IGFBP-2 and IGFBP-3 were available for 727 subjects and levels of IGF-II for 726 subjects. Ethical approval was obtained from the Multicentre Research Ethics Committee for Scotland. All participants gave informed consent.
Childhood diet
Dietary data in the original Carnegie survey were obtained using a 7-day household inventory method (Rowett Research Institute, 1955; Maynard et al., 2003) . A weighed inventory of all foods in the household was recorded in a diary at the beginning of the survey period. A weighed record of all subsequent food brought into the home was made, and a second inventory was carried out at the end of the survey week. Data from the diaries were transcribed onto separate summary sheets for each household. To include nutrients not measured in the original study and to utilize advances in analytical techniques, the household diet diaries have been re-coded using DIDO (diet in data out) (Price et al., 1995) and re-analyzed using a combination of 1930s and modern-day food tables to obtain childhood nutrient intake, as described previously . Dietary analysis was carried out using programs based on McCance and Widdowson's the composition of foods (The Royal Society of Chemistry and MAFF, 1991) . The programs were adapted where the composition of 1930s foods was very different compared with today (e.g. meat and meat products), or where there was no modern day equivalent, using pre-war food tables . Per capita food and nutrient intakes were calculated, as in the original study, by dividing daily total intake by the total number of household members regardless of age, sex, or occupation, but taking into account meals missed by family members and meals consumed by visitors (Rowett Research Institute, 1955) . A priori, the category milk and milk products included liquid milks, butter, cream, and cheese; the category vegetables excluded potatoes.
Blood samples in adulthood
Full details of blood sample processing are provided in a previous publication (Bray et al., 2006) . In total, 405 blood samples were taken at a research clinic (fasted); and for 323 participants, blood samples were obtained by general practitioners (unfasted) and samples were returned to the research team by post (bloods by post). As reported in detail previously, there was evidence that storage time was associated with mean levels of IGF-II (Bray et al., 2006) , but controlling for length of storage time made no material difference to the results for IGF-II, or for previous (Bray et al., 2006) analyses.
IGF assays
Serum IGF-I, IGF-II and IGFBP-3 levels were measured using in-house double-antibody RIAs as described previously (Cheetham et al., 1998) . Total levels of IGFBP-2 were measured by one-step sandwich enzyme-linked immunosorbent assay (ELISA) (Diagnostic Systems Laboratories, Webster, TX, USA, DSL-10-7100). The average coefficients of variation for intra-assay variability for IGF-I, IGF-II, IGFBP-3, and IGFBP-2 were 6.7, 10, 3.9 and 5%; and for inter-assay variation were 9.7, 14, 8.1 and 7.1%. In a test-retest reliability study based on 39 clinic participants seen 1-3 months apart (laboratory technician blinded), the intra-class correlation coefficients, in ascending order, were: 0.40 (IGF-II), 0.60 (IGFBP-3), 0.64 (IGFBP-2) and 0.72 (IGF-I). All analyses were undertaken on stored aliquots that were thawed for the first time.
Statistical analysis
Multiple linear regression was employed to assess the relationship between childhood diet and IGF variables in adulthood, controlling for potential confounders. As in previous analyses , nutrient and food intakes (except energy) were adjusted for the average household energy intake in childhood using the residuals method (Willett, 1998 The following sequentially adjusted models are presented: (i) basic model adjusted for current age, sex, type of sample (clinic or bloods by post) and mean household energy intake; (ii) multivariable model additionally adjusted for the following variables, categorized as fully described in a previous publication (Bray et al., 2006) : social class in childhood determined from the occupation of the head of the household, social class in adulthood, smoking, alcohol consumption, exercise and adult body mass index (BMI); and (iii) IGF-I and IGF-II associations additionally adjusted for IGFBP-3, and IGFBP-3 associations additionally adjusted for IGF-I. Robust standard errors were calculated to account for lack of independence between observations within families. Preliminary analyses were based on 724 participants with IGF levels (basic model). To assess confounding, the main analyses (basic and multivariable models) were restricted to those for whom data on all confounding variables were available (n ¼ 679).
Where associations were observed, we performed the following additional analyses: (i) childhood nutrient or food intake was adjusted for current adulthood nutrient or food intake; (ii) diet-IGF associations were adjusted for whether or not samples were taken after fasting (for 6 h or more); and (iii) as the IGF system is involved in insulin-glucose homeostasis (Sandhu et al., 2002) , we investigated whether the inclusion of homeostasis model assessment (HOMA) scores, a measure of insulin resistance (Matthews et al., 1985) , in the models influenced associations of diet with IGF levels (analysis restricted to 325 non-diabetic participants of the clinic sample who provided fasting samples for insulin and glucose analysis). We tested for interactions with sex and age (o8 or X8 years) at childhood measurement.
The precision of our estimates was based on 95% confidence limits throughout. No formal statistical approaches to account for multiple hypothesis testing were used, but we have quoted exact rather than threshold P-values. Investigation of 700 subjects is adequate (5% significance, 80% power) to detect a standardized difference of 0.20 in IGF/IGFBP levels between exposure groups dichotomized at the midpoint. All analyses were conducted using Stata 9.2 (Stata Corp., College Station, TX, USA).
Results
Overall, 331 (46%) men and 393 (54%) women were included in preliminary analyses (four subjects did not have complete data for inclusion in the basic model). The mean (median; inter-quartile range) age at the time of the childhood dietary assessment was 6.5 years (5.8; 2.9-9.6). The mean age at follow-up was 71.1 years (range: 64.0-82.6) with no sex difference (P ¼ 0. 
Representativeness
Responders to the 1997-1998 questionnaire were more likely to come from more affluent childhood social backgrounds and to be taller as children . There was no evidence that the 728 people who provided blood samples in the follow-up study differed from those eligible participants who did not (n ¼ 567) in terms of sex, birth weight, childhood BMI, adult height, adult BMI, selfreported cancer prevalence in 1997 and per capita family intake in childhood of protein, energy, carbohydrates, polyunsaturated fats, vegetable fats or meat (Table 1) . However, those who provided blood samples were more likely (Po0.05) to have been younger when originally surveyed, to have fathers in social classes I-III, to have been taller for their age/sex in childhood, to be in social classes I Childhood diet and adult IGF RM Martin et al and II in adulthood, to consume alcohol at least weekly, to have never smoked, not to have self-reported ischaemic heart disease, stroke and emphysema, and to have a family diet in childhood richer in total fat, saturated fat, animal fat, calcium, milk and milk products, and fruit and vegetables.
Basic models
In models based on 724 subjects adjusted for current age, sex and type of sample (clinic or bloods by post), an energy-rich family diet in childhood was not associated with IGF-I (change in IGF per s.d. increase in energy: 1.9 ng/ml; 95% CI: À1.3; 5.0) or IGFBP-3 (17.2 ng/ml; À59.1; 93.4) in adulthood (Table 2) . Furthermore, energy intake in adulthood was not associated with concurrent IGF-I (À0.1 ng/ml; À2.9; 2.7). A vegetable-rich family intake in childhood was positively associated with IGF-I (5.3 ng/ml; 2.2; 8.3; P ¼ 0.001) and IGFBP-3 (71.5 ng/ml; À4.2; 147.2; P ¼ 0.06) in adulthood. These positive associations appeared to be driven by increased levels of IGF-I and IGFBP-3 in the top quartile of childhood vegetable intake only. IGF-I and IGFBP-3 levels were not associated with family diets in childhood rich in Having been breastfed as an infant was not associated with any of the IGF measures (e.g. IGF-I levels in those ever versus never breastfed were 128.1 and 129.0 ng/ml, respectively; P ¼ 0.8).
Multivariable models
In fully adjusted models, an energy-rich family diet in childhood was not associated with IGF-I (change in IGF per s.d. increase in energy: 0.9 ng/ml; 95% CI: À1.8; 3.7) or IGFBP-3 (1.8 ng/ml; À71.5; 75.0) in adulthood (Table 3) . Family per-capita intake in childhood of milk and milkproducts was inversely associated with IGF-I (À2.5 ng/ml; À5.1; 0.05; P ¼ 0.05). The magnitude of effect estimates was similar in the basic models and in models controlling for socioeconomic factors or IGFBP-3 and were present even after further adjustment for dairy product intake in adulthood (À2.6 ng/ml; À5.2; À0.03; P ¼ 0.05). IGF-I levels in adulthood were positively associated with family per capita vegetable intake in childhood, and although the effect estimate was attenuated by 36% after controlling for IGFBP-3 (3.5 ng/ml; 0.9; 6.1; P ¼ 0.009), it persisted after further adjustment for vegetable intake in adulthood (coefficient: 3.5 ng/ml; 0.9; 6.2; P ¼ 0.01). When the childhood vegetable-IGF-I association was examined by quartile, the positive association appeared to be largely restricted to the top quartile of vegetable intake, as observed in the basic models in Table 2 : the mean differences in IGF-I between the 2nd, 3rd and 4th quartiles versus the bottom quartile were 7.0 ng/ml (95% CI: À2.0; 16.1), 0.2 ng/ml (À9.1; 9.4) and 17.0 ng/ml (7.9; 26.0), respectively. Notably, those in the top quartile of vegetable intake were more likely to be from social classes I and II in childhood and adulthood versus the lower 3 quartiles (Po0.01), but there were no differences by alcohol intake (P ¼ 0.3), smoking (P ¼ 0.7), exercise (P ¼ 0.7) or BMI (P ¼ 0.9). IGF-I levels were not associated with milk, dairy product or vegetable intake in adulthood (P40.5). IGF-I levels were not associated with family per-capita childhood intake of protein, carbohydrates, fats, calcium, meat or fruit. IGFBP-3 was positively associated with vegetable-rich family diets in childhood (82.6 ng/ml; 3.6; 161.5; P ¼ 0.04) in models controlling for sociodemographic and lifestyle factors. Including IGF-I in the model reduced the regression coefficient to -2.3 ng/ml (P ¼ 0.9). There were also weaker positive associations of IGFBP-3 with fruit saturated and animal fat that were attenuated after controlling for IGF-I. There was little evidence of associations of IGF-II or IGFBP-2 with any of the dietary variables analyzed, except: (i) an inverse association between levels of IGF-II and family per-capita meat intake in childhood (À16.8 g; À30.6; À3.0; P ¼ 0.02) and (ii) a positive association between levels of IGF-II and family per capita animal fat intake in childhood (21.2 ng/ml; 95% CI 3.5, 38.8; P ¼ 0.02), which was attenuated by 44% after controlling IGFBP-3 (P ¼ 0.1). IGF-II associations were little altered after additionally controlling for length of storage time and results were similar when the study population was restricted to those who attended the research clinic (data not shown).
There was no evidence that the observed associations of IGF-I with milk and vegetable intake differed between men and women, or in those younger versus older than 8 years of age at the time of the dietary survey (P40.2). Results were similar when controlling for age at dietary survey in childhood rather than current age. Controlling for HOMA insulin resistance, the effect of time the samples were stored or fasting status did not affect the observed associations for milk and vegetable intake.
Discussion
While the influence of early-life exposures on childhood IGF levels and of adult exposures, including diet, on adult IGF levels are relatively well characterized (Juul et al., 1994; Thissen et al., 1994; Kaklamani et al., 1999; Holmes et al., 2002b; Gunnell et al., 2003; Hoppe et al., 2004b; Rogers et al., 2005 Rogers et al., , 2006 , very few reports have examined childhood influences on the IGF system in adulthood (Ben Shlomo et al., 2003; Elias et al., 2004a; van Noord, 2004; Ben-Shlomo et al., 2005; Martin et al., 2005b) . We had hypothesized that study members whose childhood family diet was energy-rich would have higher IGF levels in adulthood but we found no evidence for this, and there were no cross-sectional associations of adult energy intake with IGF levels. There was weak evidence that study members with milk-rich childhood À3.0, 4.9) 0.7 1.1% (À2.6, 4.9) 0.6 Calcium (mg) À1.6% (À5.7, 2.7) 0.5 À0.7% (À4.6, 3.4) 0.7 Milk and milk products (g) À2.6% (À6.6, 1.6) 0. Childhood diet and adult IGF RM Martin et al family diets had lower levels of IGF-I in adulthood than their contemporaries. In contrast, childhood family diets rich in vegetables were associated with high IGF-I levels. IGF-I levels were not associated with family per capita childhood intake of protein, carbohydrates, fat, saturated fat, polyunsaturated fat, animal fat, vegetable fat, calcium, meat or fruit. There was no evidence of associations of IGF-II, IGFBP-2 or IGFBP-3 with any of the dietary variables analyzed, except a positive association between levels of IGF-II and family per-capita animal fat intake in childhood and an inverse association with meat intake. This study has two main strengths. First, diet was measured in childhood long before the occurrence of disease thus avoiding the problem of recall bias encountered in studies based on remembering childhood diet (Pryor et al., 1989; Potischman et al., 1998; Hjartaker et al., 2001) . Second, all foods consumed in the home were assessed, allowing consideration of other dietary factors -such as energy intake -as potential confounders of the relation between the constituents of interest and IGF. It is important, however, to interpret these results in light of the study limitations. First, a subject's diet in childhood was based on household rather than individual consumption. This is therefore not a direct measure of individual diet and two main assumptions are made. The first is that diets of children and adults are qualitatively similar. In support of this assumption there were few foods recorded by the Boyd Orr families aimed specifically at children in the way that they are today. There is some anecdotal evidence that 'food fads' among children may be less of a phenomenon in this cohort, where most of the families were poor, than it might be today or in a wealthier cohort . The second assumption is that foods and nutrients are distributed evenly within families, but there is evidence historically and crossculturally that food is not always distributed within families according to need (Nelson, 1986) . Imprecise measurement of childhood diet as a result of the likely random error inherent in these limitations, however, would underestimate real diet-IGF associations, and would not explain the associations we did observe. Associations would be biased only if there was systematic misclassification of childhood dietary intake by IGF levels in later adulthood. It is difficult to establish the extent to which this may be the case, but such a systematic bias would only occur if the division of foods within families varied by other factors in childhood that predicted future IGF levels. A previous analysis of dietary data from this cohort showed a relation between increased energy intake in childhood (also measured from household consumption) and increased cancer risk in adulthood (Frankel et al., 1998) , a finding consistent with the findings from animal studies (Ross and Bras, 1971) , giving indirect support for the validity of our dietary measure. Further, our childhood dietary measures were reliable: in a study based on 195 families who kept two inventories between 3 and 15 months apart, repeatability was high for energy (intraclass correlation coefficient, ICC ¼ 0.80) and milk (ICC ¼ 0.80), but was lower for vegetables (ICC ¼ 0.48) (Frobisher et al., 2007) .
Second, a large number of diet-IGF associations were examined of which two were statistically significant at the All results for IGF-II are based on a total of 1 less person since a value for IGF-II was missing due to insufficient blood volume. f Owing to a skewed distribution, IGFBP-2 result was log-transformed using the natural logarithm. Thus, rather than difference in means, percentage increase per 1 s.d. increase in the risk factors is reported instead.
5% level and so could be chance findings. Third, the studied sample was healthier than the non-responders we contacted in terms of self-reported ill health in 1997. However, those potentially eligible 1295 subjects who had consented in 1997 to participate in future follow-up did not differ from those 1268 subjects who refused to be followed up in terms of future prognosis for cancer or death. Further, while absolute IGF levels may vary between responders and non-responders, it seems unlikely that childhood diet-IGF associations would differ between those who did and did not participate. Finally, childhood diet-IGF-II associations may have been masked because the low intra-class correlation coefficient for IGF-II (0.40) indicates measurement error (likely to be nondifferential) in this assay.
Our findings did not support the hypothesis that energyrich family diets of children in the 1920-1930s programmed levels of IGF-I in adulthood. Associations between height and IGF-I levels in childhood are relatively strong (Fall et al., 1995) , whereas studies in adults, including data from Boyd Orr, suggest they are weak and inconsistent (GoodmanGruen and Barrett-Connor, 1997; Chan et al., 1998; Gunnell et al., 2004; Bray et al., 2006) . This indicates that it is IGF-I levels in childhood, but not adulthood, that may explain height-cancer and height-coronary heart disease associations. Thus, dietary regulation of IGF-I levels at critical periods in childhood may be a more important explanation for height-chronic disease associations than long-term programming (e.g. by childhood diet) of IGF-I levels later in life. Our findings agree with other studies in wellnourished populations showing no cross-sectional associations between energy intake and IGF-I in childhood (Rogers et al., 2005) and adulthood . An association may have been obscured, however, by either the known age-related decline in IGF activity (GoodmanGruen and Barrett-Connor, 1997) or by other influences on the IGF system in adulthood (Holmes et al., 2002a) .
Most (but not all (Elwood et al., 1981; Kaklamani et al., 1999; Mucci et al., 2001) ) cross-sectional observational, experimental and natural-experimental studies indicate that increased milk intake in childhood is associated with greater height in childhood (Orr, 1928; Leighton and Clark, 1929; Baker et al., 1980; Paganus et al., 1992; Stallings et al., 1994; Isolauri et al., 1998) and with higher circulating levels of IGF-I (Cadogan et al., 1997; Heaney et al., 1999; Gunnell et al., 2003; Hoppe et al., 2004a, b; Rogers et al., 2006) . Paradoxically, the inverse association we found between milk intake in childhood and IGF-I levels 65 years later was in the opposite direction to these cross-sectional observations. Although the association in our current study was weak, it is feasible that higher milk intake may be associated with both increased IGF-I levels when measured in cross-section in children and with lower levels of IGF-I much later in life amongst these same individuals (van Noord, 2004) . This hypothesis is supported by the findings of three publications (Elias et al., 2004a; Ben-Shlomo et al., 2005; Martin et al., 2005b) . First, formula-fed infants (whose higher animal protein and energy intake would be expected to raise IGF-I levels in cross-section (Hoppe et al., 2004b) ) had lower subsequent IGF-I levels at age 7 versus those who had been breastfed (Martin et al., 2005b) (although, in the present analysis we found no difference in adult IGF-I levels between participants who had and had not been breastfed in childhood). Second, individuals who were exposed to famine during childhood (who would be expected to have acutely depressed IGF-I levels (Thissen et al., 1994) ) had higher IGF-I levels 50 years later (Elias et al., 2004a) and a greater risk of breast cancer (Elias et al., 2004b) . More convincingly, a longterm follow-up of a randomized controlled trial found that IGF-I levels at age 25 years were 8.5 ng/ml lower (95% CI: 1.8-15.1 ng/ml) in individuals who had been randomized to receive milk-supplementation of their diets as children up to the age of 5 years (Ben- Shlomo et al., 2005) , compared with non-supplemented controls. These studies would be compatible with increased nutritional intake in infancy, primarily protein intake, causing a direct increase in hepatic IGF-I production, which then feeds back to suppress pituitary growth hormone output with a long-term resetting of the pituitary resulting in lower IGF-I levels later in life (van Noord, 2004; Martin et al., 2005b) .
If real, our finding that milk intake in childhood is inversely associated with adulthood IGF-I levels would predict an inverse association between milk intake in childhood and later risk of prostate, colorectal and premenopausal breast cancer (Renehan et al., 2004) . This prediction is supported by at least three studies: in a Norwegian cohort, increasing childhood milk consumption was associated with 21-36% lower risks of pre-menopausal breast cancer versus no milk (Hjartaker et al., 2001) ; high adolescent intake of milk fat was associated with 60-80% reductions in risk of pre-and post-menopausal breast cancer (Pryor et al., 1989) ; and in the Nurses Health Studies, there was a 10% lower risk of breast cancer per extra glass of milk aged 3-5 years (Michels et al., 2006) .
High IGF-I levels in adulthood were found in study members whose families ate vegetable-rich diets during their childhood. It is important to note that those with the highest intakes of vegetables as a child may be a special group in the Boyd Orr cohort: they were more likely to be from social classes I and II in both childhood and adulthood, and we have previously shown that they had a healthier diet in old age . Associations remained, however, after controlling for a number of possible sociodemographic, economic, lifestyle and dietary confounding factors in childhood and adulthood. A cross-sectional study found lower levels of the IGF-I: IGFBP-3 molar ratio in middle-aged men with high vegetable consumption , though associations of vegetable intake with IGF-I or IGFBP-3 have not been found in other studies in childhood (Rogers et al., 2005) or adulthood (Kaklamani et al., 1999; Holmes et al., 2002b) . The direction of the association we observed would predict a positive association between childhood vegetable consumption and cancer, in contrast with a body of observational evidence supporting a protective effect of vegetable intake on cancer risk (Willett, 2000) . Most reports, however, have investigated vegetable intake in adulthood and results based on childhood diet are conflicting. A case-control study found a 13% lower risk of pre-menopausal breast cancer associated with greater recalled adolescent fruit and vegetable intake (Potischman et al., 1998) , whereas the Boyd Orr cohort demonstrated no association of childhood vegetable intake with cancer . If greater vegetable intake in childhood did program higher IGF-I levels in adulthood, an inverse association with coronary heart disease would be expected. Although children with the highest vegetable consumption had a 60% lower (95% CI: 0.19-0.83) risk of stroke mortality than those with the lowest consumption, there was no association of coronary heart disease deaths in Boyd Orr . In the UK-based 1946 birth cohort (Wadsworth and Hardy, 2003) , vegetable intake at age 4 years was not associated with future coronary heart disease morbidity.
Conclusion
Despite considerable interest in the long-term effects of childhood diet, few studies relate nutrition in childhood to biomarkers of disease in adulthood. We found no evidence that energy-rich family diets in childhood are associated with adult IGF levels. The inverse association of IGF-I with childhood milk intake supports an emerging literature (Elias et al., 2004a; Ben-Shlomo et al., 2005; Martin et al., 2005b) , but the positive association of childhood vegetable intake with IGF-I was surprising. These data raise intriguing hypotheses that require testing in other cohorts, which can link prospective measures of childhood diet with IGF in later life.
